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(57) A source converter processing method is pro- 
vided for a source converter that converts statements 
written in an assembly language to statements written 
, in a C language, for example. With regard to the state- 
ment of symbol definition written in the assembly lan- 
guage, the method analyzes it to detect the symbol def- 
inition, information (i.e., name, definition size and defi- 
nition address) of which is registered with a symbol ta- 
ble. Then, the registered content of the symbol table is 
converted to the statements of the C language. With re- 
gard to the out-of-symboi-definition-statement, the 
method detects a reference symbol in connection with 
mer.cry operation. Then, the method produces a refer- 
ence address and a terminal address based on informa- 
tion regarding the reference symbol with reference to 
the symbol table. Thus, the method creates a new sym- 
bol based on the reference address and terminal ad- 
dress, so that information regarding the new symbol is 
registered with the symbol table. Further, with reference 
to a conversion table that stores information regarding 
the memory operation and reference address, the meth- 
od determines whether to enable consecutive statement 
conversion or single statement conversion, by which the 
statements of the assembly language are converted to 
the statements of the C language in an appropriate man- 
ner. Incidentally, it is possible to store programs and da- 
ta regarding the source converter processing method on 
recording media. 
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Description l -* 
- BACKGROUND OF THE INVENTION - : 
"Fieidof the Invention "MC 1*'. , Tv 

' ' t0001] This* invention''' relates to- source converter 
p'ro^essfng* methods that perform conversion of source 
programs' containing language statements- for access- 
: ihg merridrfes; In addition; 'this' invention also relates^ 

.'' machine-readable-" media- that 'store r programs of the 
"source converter processing methods. . 

* : [0002]- This application is based on Patent Application 

Nb.'Hei 10-19991 filed in Japain, the content of which is 
'incorporated herein by reference.' 

* - description of the Related Art , ~ ' : 
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[0603] • Conventional source' converters are prQvid- .. 

5 ed' to convert source programs to other computer Ian- 

j guagesr so that source^converter processing methods 
are provided for processing 'of the source converters-.: ~ 
[0004] """For example; the "rjaper.of Japanese Patent 
'Application, Publicatiori : No'. Hei 3-252319 disclosesanr 

: 'example "of the device 'for 'Converting the assembler- . 

1 source program to- COBOL source' -program (where? 

' "COObL" is an acrdnynrtfor "Common Business Orient- 
ed Language "). Herein, the source program conversion 

; - is" 1 effected Ajs in 7g cbe rands between the assembler 
sburde prograrri-'and COBOL -source program, buHjHs- 

"not always applicable teethe highilevel programming lan- 
guages uchas'the G language used for the Unix system, - 

v f of Example:-" ' ' - C--" • : - i i^e 

[0005} >: f IG:^7^and=FlG. 8 are.flowoharts.showing an 



the statement of the symbol' definition so as to register 
• it wfth the symbortabie, Whjje^Sf ^designates a symbol 
size- registration stepthat detectsjajize of. the definition 
: syrnbol from the stetement:of;the^symbol-definition so 
. ^ s -,-as-tp-register it with the.symbol. .table. "S6*'designates 
' r r .a symbprconversion-step that performs conversion to 
= - statements of symbol .defintyo/i of the C language in ac- 
* cordance.with content' bl ..the symbol, table and pre- 

• scribed cpn^ersioame : tr^ 

10 , symbol-definitiOT-statement processing step that deals 
- -with statemente'of,6fo are out 

; :. of the statements.of. the symbol definition determined by 
the symboLdefinitjon decision step S2.. That. is, the step 

• : S7 performs analysis on statements of such out-of-sym- 
bol-definitjon so as to perform processing Required for 
conversion; on th e.bas is. of : analysis resJu4C;*S8" desig- 
nates an put-pf-sytT)bo,l-definjtion-stateaienrconversion 

. step that converts statements^of theoutof-symbol-def- 
iciit!or t !o statement? of.the.C.language. "S.9.? designates 
a statement end decision step that makes a decision as 
to whether the input, statement . ends or not. Moreover 
: ;a reference.sy/pbpl "50* designates a symbol table that 
v stores symbols/£nd their sizes. - - ;^ . ".. 
[0008] - ; ;FJG. 8 shows details of thei aforementioned 
•out-of-symbpl-def in it ion -statement processing step S7 
.shown-in FIG.-7.; In-RG-.S, a reference symbol "SIT 
^designates a memory access decision, step for making 
-.-a decision as^to whether an input statement corre- 
sponds to a statement of .memory access or not, while 
"S12" designates- a symbol reference decision step for 
making a,decision as tp.whether the input statement cor- 
v responds to a. statement of symbol reference or not. 
; U S13" designates a sympol name analysis step for per- 
r formjng analysis on the' statement of the symbol refer- 



ee 



25 



30- 



exampte "of trfeeource. converter' processing methodic. ^ e ence.to detect a name of a. reference symbol, while 



[0006] RG.^ shows an example of statements written; 
•in an assembly language fbr a 4-bit microcomputer, 

whicrv is subjected to conversion using the source cpn- ... 

verten'FlG/IO shows an example of a symbol tablethat - ; 
: is 'created by the* source .converter whenthe assembly 
; language ieconveYtedtoC language. FIG. 11 shows an- 

• example of statements written in- the C language, whichr 
are obtained by' converting statements of the assembly 
language of FIG. 9-by the source converter. In the state- 
'ments, "NIBBLE" represents a8unit of information used . 
" in the 4^bit microcomputer. That is.- it represents- an • 

amount of information having ahafr of byte. In addition, 
a symbol "H" following .numeric; symbols representing. 

■ an" address indicate^that the numeric symbols are rep- 
resented inTiexadecimat notation. .. 
[0007]' : In the flowchart of FIG.^.a reference symbol 
-Si " desigriates'a stare m en t ana lysis^step that performs 
^'analysis of statements, while "§2 n designates a symbol- 
definition decision step for; making, a decision as.;to< 

^whether ahihput statement corresponds to a statement 

• of syrnbol deNnitioaot not; In addition, a reference sym- 
boV "S3 ? -designa"tes . a symbol name registration step 



"S 1 4" designates a symbol search step that extracts the 
reference symbol from, the symbol table 5Q on the basis 
. of "the name, of the reference symbol. "S51 * designates 
a reference address statement creation step that cre- 
40 ates statements of C language pn the basis of definition 
. .... size of the rejerence symbol, which is detected from a 
- - qolumn of "definition size" pf the symbpj table 50, as well 
i v as;-an address of ajrnempry to be referred to. "S21 " des- 
, , ignates a constant reference address .analysis step that 
45 - performs analysis on, the address of the memory re- 
ferred in the statement of out-of-symbol-reference 
which is discriminated to be different from the statement 
of the symbol reference in step S12./S52" designates 
: -a reference address communication step that commu- 
so nicates a reference address in the statement of the out- 
.,of-symbol-.referenQe. ,, S20. n designates an out-of-sub- 
ject-statement processing step that performs process- 
; • . - ingjequieed forcon vers ion in response to analysis result 
. .-.with respect. to statements of ouKiNmemory-access 
55 . which are discriminated to be different from statements 
, of memory access. . . 

[0009] With reference to FIG. 7 and Fl6. 8. operations 



that detects a symbol name of a definition symbol from . . of the steps will be described in detail. Fpr. example, the 
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i; ^ferYfen^^ inputs a statement of the*as : : -;r. o ^statementtpfoc.e^singiStep S^yyit^reference to FIG. 8. 

s : erhbl0angu;^ describes "MEMORY NIBBLE^ WHereintW state- 
: '' ,|V1 b6riy : l2Hr- ! ln^ description of the inputs b j ment. of ; the .assembly, Jan gyage.wh "MOV 

" L "stet&aidhtaWcisiorT is made'asto whether the input 1 i MEMORY-t-1 r.^OFH^and which is determined to be dif- 
v statement!^ ~ s ^tferent\from the sjatemenj.of^ The 

•served in aoVancebr not, or whether-the-fnput statement 'oosfmemory. access. 5 dedsjon* step, : S 4 1 .J -dejejmines that 
' iW'r^giste/eci with th^symbbf t^ble : 6Q.*if theJnput state^ifiso- SMOV&inr ^statement of tjie^embtyJaqguage coin- 
rhehVisVegis^ is-ex-:^ - ^cidesjwith the reserved .word whichjsjegistered in ad- 

6sing a type of the 'corresponding reserved uvr .vance.to represent an instruction^ 



[ ! word(s) or a : type^oMh'e correspondirig^informatidn 
stored in the symbol table 50. If analysis "result indicates 
r ~ that the input statement fs hofregisteFed, it is detected 
r that the input "statemehf cbrfesjDbhds to terror.' which 
'f forms k statement descriptibn error. - rj 
: [ddtdj ' Next, irhst&p S2j a decision i& made as to 
: '' : whether1rie : input statement analyzed in step S1 is a 
' statement of s^mbol definitibn' or.not. In this case, the 
input statement includes "NIBBLE" defining a size of a 
symbol: which coincides withthe reserved word. So ; the 
step^S^yeWrrnin^ statement corre^ 

s ! sjtoridsto the statement of the '"symbol definition, Then, 
the symbol narine' registration' step S3 extracts a symbol 
' 'name' of "MEMORY* of the definition symbol from'*he* 
■ input statement written in the assembly language t oso 
that the step S3 registers it in a column of "symbol name* 
; of the symbol table 50; Ifi addition, the' symbol size reg- 
istration step S4 registers' "NIBBLE" representing" the 
size of the definition symbol in a column'of "definition 
size 1, of the symbol table 50: As a result, the symbol table 
; SO stores "MEMORY" as the symbol name and "NIB- 
BLE"' as the' definition size, which is shdwrVin FIG. TO/ 
' [001 1] Incidentally* a constant is set to' an address 
designating a memory used for the in p uf statement of 
; '"the assembly language of "MEMORY NIBBLE OOH-f. 
' v f2H". For this reason ; it is impossible to convert the- 
; aforementioned' input statement of the Assembly lah- 
gu&ge to the statement of the symbol definition written 
"In the C language. Thus, error occurs in' the "symbol co'ri-" 

versibh ste'p S6/ ,: 

[0012] ' Next, the step ST analyzes a statement of ! the 
assembly language that describes "MOV MEMORY+1 , 
' ,: #6fH". This' statement does not coincide with the're- 
1 served wbrd(s) of the symbol definition which is regis- 
tered iri advance. Thus, the symbol definition decision 
step S2 determines that this statement does not corre- 
spond to the statement of the symbol definition. So/ the 
" system of the source converter processing method 
" transfer control to step S7. The"out-of-symbol-definition- 
statertieht processing step S7 "performs predetermined 
: ' processing : on the aforementioned statement, which is 
determined to be different from the' statement of the 
; symbol definition, in response' to analysis result. Then; 
the out-bf-symbol-definition-statement conversion "step 
S8 converts it to a stiaterfient of the" C language suited 
to the processing of the out-of : symbol-definition-state- 
• men't processing step S7: - ' - 

[0013] Next,' a description will be given with respect 
to detailed operations of the out-of-symbol-definition- 



ro access. ^That is, : the step S1 1. determines the statement 
'o- as a statement of: memory access. Then, the symbol ref- 
erence decision stepjSI 2 determines.the statement as 
a statement of symbol reference because the statement 
includes "MEMORY*!"; : Next, the symbol name analy- 
is sis step S1 3 detects^ name of a reference symbol, i.e., 
"MEMORY", The symbol search step SI A detects defi- 
nition size of "NIBBLE" of the reference symbol "MEM- 
ORY" with reference to the symbol table 50. At this time, 
: the symbol^table. 50 stores- content showr}, in FIG. 10. 
,20r. Next, the reference ^address statement-creation step 
' SSt creates statements of the.C. language : for producing 
■)-:a reference .address oirthe^basis of the.dffinition size 
" .r o^'"l^nBBLE^andrrMEMQRY+T^ Specifically, it creates 
; a statement for setting a pointer that describes "static 
25 nibble MEMORY-^:" ,a statement for setting the pointer 
. ■ *. that Jctescribes^MEMORY^P »=■ .&MBMORY;" and a 
' : statement, for reference of ;the pointer that . describes "* 
. (MEMORY_P + 1 ) ^OxF;". ThereafteMhe system trans- 
. iters control to step S3 shown in FJG. 7. So, the out-of- 
•-30V symbol-definttion-statement conversion, step S8 con- 
verts them, to statements; of the G language. 
[0014] Next, the memory access decision step S1 1 in- 
puts a statement of the. assembly language that de- 
scribes, "MOV MEMORY; #05H". The J( step S11 deter- 

■ 35 mines the statement as ^statement of t?nemory access 

■ / because "MOV contained in .the. statement coincides 
~i ..\with the -reserved word representing ^n instruction for 

" ^ performing memory a.ccess.,.The symbol -reference de- 

■ ^cision step.S12 determines.the statement as a state- 
.40 menfof a ;symbol7eference /because Jhe sjatement in- 
-z." eludes "MEMORY": Jhe'symbpl name analysis step 

. S13 detectsva nameof the reference symbol of "MEM- 
- ORY". The symbol search step S14 detects definition 
sizeof "NIBBLE" of the reference symbol of "MEMORY" 
:45;. .with reference to the symbol table 5Q. The reference ad- 
dress ; statement creation step S51 creates a statement 
of the C language for t producing a reference address on 
the basis of. the definitw.size-of "NIBBLE" and "MEM- 
ORY". Namely, the step;S5t creates a statement for ref- 
: 50/ erence ora pointer; tbat describes "ME;MQRY_P = 0x5: 
, Next, the out^syoibol-definition-stetenrient conver- 
. • sion step S8 (see FIG. 7) converts it to ,a statement of 
the G language. i . • t- *-->?o 
[0015] - -Next, the memory .access decision step S1 1 in- 
.55: pfjts- a statement, of 'the assembly Jan guage that de- 
" - scribes "ADD 0H.,MEMORY^:r4erein c "ADp" coincides 
with the- reserved word representing anJnetruction for 
performing memory access, so the step S11 determines 
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the statement as a statement of memory access. In ad- dress designation using constants, 
dition "OH" does not Yepresenra symbol but a constants o :: [0023] . , It js, anotherotyect of . the inyention to provide 
so the symbol refereVice'decision step S12 determines^ y;a;source converter P.rpcgssi^orietlTgd^that is capable 
the statement to be cliff e rent from a statement of symbol, jf. . :,of converting $tatements ( of.rnemory access designating 
reference 5 So the system' transfers contrdMo step S21 , r * relative addresses, to statements that do not cause in- 
The constant reference address analysis step S21 pro- ■ v y ,- correct operatiogsy^en. exerting source programs af- 
duces a reference address of "00H. 00H" based on "OH" :ter f compiiation vV ^ v , E or*s\#.s .-n < v>v« ^ 
.'of the statement. Sucm^-constanracfdre'ss cannot be^an[Q024^ toprov.de 
converted to a statement of 'the C language.;So t the-reK, ^t.OVI^ converter 
erence a8dress communication - srep * S52 communis,*? -processing metrjod^. n , r . p hrr ... 
cates the reference address of- "OOH. OOH^as an error.,.; 



message. In this case, the' system skips the out-of-sym- , 

bol-definition-statenient conversion step S8 shown in 

FIG. 7. " ' * • -•• •^ 

[0016] The aforementioned steps are repeated until 

the statement end decision step S9 shown in FIG. 7 de- 

tectsthat no further statement is input. . 

[0017] By performing the aforementioned steps, the 

statements of the assembly language shown in FIG. 9 

are converted to the statements of the C language 

shown in FIG.' 11. : * • *■ ■ ' ■■ "• ■ "■ ' - 

* [0018] - However, the aforementioned soifrce convert- 
"er processing: method as shown in FIG. 7 and FIG,. 8- 
suffers from a variety, of problems, which will be de- 
scribed below. : " : ' : ' 

[0019] In the case where the assembly language 
which is a low-level language is converted to the C Ian- 
guage which is a high-level language, the source con- 
verter processing method does not have;a capability of 
converting statements of symbol .definition, which are 
written in the assembly language and whose absolute 
addresses are designated; to statements, of the C Ian-, 
guage For this reason, corrections should be required 
for the source program of the C language after the con- 
version. ' . - 
[0020] In addition : the aforementioned source con- 
verter processing method does not have a capability.of 
converting statements of the. assembly language, in. 
which addresses are not designated using symbols. but 
are designated using constants, to statements of the.C 
language. Thus, the method requires corrections on the 
source program of the C language after the conversion. 
[0021] : - Further in' the case where conversion is per- 
formed bn statements of the assembly language that is 
designed to perform memory access by designating rel-. 
ative addresses of symbols, the aforementioned source 
converter processing method converts them to state- 

• ments of the C language without securing consecutive 
memory areas. For this reason,- when the source pro- 
gram after the conversion. is complied and is then exe- 
cuted, there occur incorrect operations. ■ 

"SUMMARY OF THE INVENTION ' 

[0022] It is an object of the. invention to provide a 
source converter processing method that is capabie of 
performing conversion on statements of symbol defini- 
tion using absolute addresses and statements of ad- . 
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[6_025]^ : A source converter processing method of this 
inyention is designed' to have a capabftty of converting 
statements., of , symbol definition designating absolute 
addressea^nd.statements of address designation using 
constants, both of. which are written in assembly Ian- 
guages. 

[0026] With jegard to the statement of symbol defini- 
tion written 'in the assembly language, the method ana- 
lyzes it to detec* the symbol definition., information (i.e., 
name, definition size and definition address) of which is 
registered with a symbol table. Then, the registered coa- 
tent of the symbol, table is converted 1o the statements 

.of the C language, for example. . ^ 
[0027] -With' regard to the out-of-symbol-definition- 
statemeht, the method detects a reference symbol in 
connection with memory operation. Then, the method 

• produces a. reference address and a terminal address 
based on information regarding the reference symbol 
with reference to the symbol table. So ; the methcd cre- 

. ates i a new symbol based on the reference address and 

..terminal address, so. that information regarding the new 
symbol is registered with the symbol ta'bte. Further, with 
reference, to a conversion table that stores information 
regarding the memory operation and the reference ad- 
dress! the method determines whether to enable con- 

. secutive statement conversion or single statement con- 
version, by which the statements of .the assembly lan- 
guage are. converted to the statements of the C lan- 
guage in an appropriate manner.' 

,[0028]. Incidentally, it is possible to store programs 
and data regarding the source converter processing 
.method oh recording media, ^ 

bri|f description of. the drawings 

[0029], These and other objects, aspects and embod- 
iment of the present invention will be described in more 
detail with reference to the following drawing figures, of 
which: . 



f?iG : .1 is a flowchart showing a source converter 
processing method in accordance with embodiment 
of the invention:, 

FIG. 2 is a flowchart showing details of an cutof- 
symbol-definttion-statement processing step 
Shown in FIG. 1: 

FIG. .3, is a flowchart showing details'of an cut-of- 
symbol-definition-statement conversion step 
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shown in FIG/1: ^ p ^ 

f!G/>X;"-f|o^ t r S. ^^cT fTg. totiftSfid fig;*©?---* 

' shoVa manner of tra'nsiSbVTbT'contents of a symtfdl V:: ■ 

FIG. Va' FI&^SB^ 5E and ^5 

FIG.' 5F ; sHow a ; manner 1 brt'ninsitidn ot^contents of *c? 

"■ \ S cpn^r^ Sble! n<i:i ** ^»«o ^ ~ 
. HG..6 showsl^ written in ey 

C. language; which ;^e i: 0>^i£ea- by^cohvertihg^ < 

I. ' statements of assembly ^ ^ Ur * r 10 

F\G,7 is" a fib wchari showing ah" "example of the*- 

\ ' .source converter processing methdd: : * 

* FIG. 8 is a flowchart showing det£lilS'6f an out-of- 
symbol-defiriition-statemerit processing .step 
shown in FIG. 7: \\[ ^ ; J ; " C ' 75 

FIG.. 0 shows an exarhple oY statements of the as- < 
sembly language thatare input to a source convert- ; 

er; . * . ... 

FIG., 10 shows' in example/ of content of a syrribnr - :; * l 

: \ table; ahd*;" : ^' ^;;*' v "; : ' ; r [" '■' ' 20 

FIG. 11 shows an Example oVs\atements of theC^ * 
language which are prodffced^by converting the " 
statementsbf the assembly lahguage shown in FIG. * 

/ 9.. : ' " : ' ' 



Dfv: 
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DESCRIPTION OF THE PFIEFERRED'EMBODIMENT 



[0030] FIG. 1 is a flowchart show'inc/a source convert- 
er processing method in accordance with- preferred em- 
bodiment of the invention. FIG. 2 is a flowchart showing 30: 
details of the out-of-symbol : definition-statement 
processing step S7 shown in FIG: 1: FIG: 3 is a flowchart ' 
showing details of the out-of-symbol-definition-state- 
ment conversion step S8 shown in FIG. 1. FIG. 4A to 
FIG. 4E. show a rnanner of transition of contents of a 35 
' .symbol .table, which is created when the assembly lari- 
" guage is converted to the C language. FIG. 5A to FIG. : 
r 5F show a manner of transition of contents of a conver- 
sion table, which is created when the assembly lan- 
guage is converted to the C language; In the present ^ 
embodiment, the aforementioned statements of the as- 
sembly language shown in FIG. 9 are converted to state- 
ments of the C language which are shown in FIG. 6. 
[0031] In FIG. 1, steps identical to those shown in FIG. 
' 7 are designated by the same reference symbols; 
hence, the description thereof will be omitted. Different : 
from the aforementioned Source Converter processing 
method shown in FIG. 7, the source converter process- 
ing method shown in FIG. 1 newly introduces a definition 
address registration step S5. r'n addition, the method of so 
FIG. 1 uses a new version of a symbol table 10 which 
contains a column of "definition address" in addition to 
the ..columns provided in the aforementioned symbol ta- 
ble 50. ; ^ .. ' ' " 

[0032] The definition address registration step S5 de- 
. tects addresses of definition syrhbbls from statements 
of the assembly language so as to register them with 
the symbol table 10. Incidentally, the symbol table 10 is 



constructed by a column of "ref erence .number" for man- 
v.aginc^an^orde/ tO;seqgentiaNy register symbols, a col- 
:■ umn:for.regislratiQn of :syrrfbol nameVkcolumn for reg- 
> titration ofJUefinitiorvstee" and I the column for registra- 
• .Ktion of ^definition; address"^ :;r ,^oK : ^ v 
n [0033] .>.Next; ( a^descriptjon,wi!! be given, with respect 
to operations pf the source converter processing meth- 
V od of the present embpdirnent with -reference to FIG. 1 . 

[0034]- ^First, a description .will be given with respect to 
> conversion. process of the statement of. the assembly 
. - language describing "MEMORY NIBBLE 00H. 12H\ 
.[0035] The statement analysis step S1 analyzes the 

- statement of "MEMORY NIBBLE 00H. T2H". Herein, 
"NIBBLE" contained in the, statement coincides with the 

■ symbol of the reserved word which is registered in ad- 
vance.'so the symbol definition decision step S2 deter- 
mines the statement as a statement of symbol definition. 
Next, the symbol name registration step S3 registers a 
name "MEMORY" of a; definition symbol with the column 
of "symbol name" of the symbol table- 10 (see FIG. 4A). 

- The symbol size registration step,S4 registers the size 
"NIBBLE" of the definition symbol with, the column of 
"definition size" of the. symbol table 10 (see FIG. 4B). 
Next : the definition address registration step S5 regis- 
ters a definition address "00H. 12H".of- tjie statement 
with the columaof "definition address" of the symbol ta- 
ble 10 (see FIG. 4C). 

■[0036] Next, the.symbol conversion step S6 converts 
the aforementioned -statement of the assembly lan- 
guage to astatementqf the C language.describing "nib- 
ble MEMORY addr (0. 0x12)" (see FIG. 6). In this con- 
version, "MEMORY NIBBLE" is converted to "nibble 
MEMORY" at first. Then, "00H. 1 2H" is subjected to con- 
version with reference to the registered content of the 
symbol table 10. That is,-;, with reference to the column 
of "definition address" that registers "00H. 12H U therein, 
it is converted to "addr (0: 0x12)". - 
[0037] According to the converted statement written 
in the C language, it is possible to locate a symbol 
"MEMORY" at an address designated by "0. 0x12" with 
the size of "NIBBLE". ; ' : 

[0038] Next, with reference to FIG. 2 : a description will 
. .be given with respect to processing that is performed 
v with regard to statements that the symbol definition step 
S2-detecmines to bedifferent from statements of symbol 
definition. In FIG. 2, steps identical to those of FIG. 8 
: are designated by the same reference symbols: hence, 
' the description thereof will be omitted. Herein, the flow- 
chart of FIG. 2 provides steps S15.to S19 and S22 in 
addition to the foregoing steps S1 1 to SI 4. S20 and S21 
shown in 

[0039] FIG. 8. Specifically, FIG. 2 shows the reference 
address analysis step S15 ; terminal address analysis 
step S1 6. symbol creation decision step 517, definition 
size analysis step S18, symbol creation .step S19 and 
address' symbol creation step;S22; - . 
[0040] - Next, a description will be, given with respect 
to conversion process for the statement of the assembly 
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language describing "MOV MEMORY+1 . #0FH" (see "' contents of which are sequentially changed as shown 
FIG 9) vw; . •, in FIG. 5A to FIG. 5F. . -ya,,,.^..^. .. • • 

[0041F-The statement- analysis step.-.S1 performs [004?] tfk^a.mW ffSgf f*®" 

statement analysis 5 ^ the' above statement of the a%-». v .e * iV^fal^y&SVS® 

sembly language. Then; the' symbol definition decision e " * nCLJ " ^r«e, 
step S2 determines the statement to be different from a. 
statement "of symbol '■definition,* So/^system of ; the.- 
>resent>embodiment transfers'control to step S7, which 
'in turn proceeds to step S11 shown in FIG/2. Thus, the , 
memory access decision step S11 deals with the state- 
ment of the assembly language describing "MOV MEM- 
ORY+1, #0FH". Herein, "MOV of the statement coin- . 
cides with the reserved word representing a symbol for . 
performingmemory access, so the step S1 1 determines = 
the statement as a statement of memory,access. From 
'"ME MORY+1 " • contained-, in .the statement, the symbol 
reference-decision step* S 12. determines the statement 
as a statement of symbol reference. 
■ [0042j : . Next, the's'ymboi name analysis stop SI 3 de- 
tects a name of the symbol "MEMORY". With reference 
to the symbol table (see FIG. 4C), the symbol search 
step S1 4 obtains the definition size "ffHBBLE" and defi- 
' nition address ? 00H. 1 2H". Then, the reference address, 
analysis step $15 produces a reference address based- 
on "ME<MORY*t " and the definition address "00H. 1 2H" 
of "MEMORY" which is extracted from the symbol table 
1 6. Herein, the definition address of "MEMQRY" is M 00H; 
:12H" - while the reference address is.- "ME MORY+1". 
Thus, reference address should be "00H, 1 2H+1 which 
is identical to "00H. 13H". . 

[0043] The terminal address ; analysts step S16 pro- 
duces a terminal address based' on the definition ad r 

dress"00H. 12H" and definition. size "NIBBLE", which 

are extracted from the symbol table 10 with respect to 

the reference: symbol. Herein, the definition address is 

"00H. 12H" while the definition size is "NIBBLE", which 

represents "1 "..Thus, it is possible to produce the termi- 
i nal* address by calculation of "00H. 12H+1-1", which is. 
■'identical to "00H/12H". :'■ s - 

[0044] The symbol creation decision step S1 7 makes 

a decision whether to create a new symbol or not. This 

decision is made by making a decision as to whether in 

the processing of the previous statement which is proc- 

essed^prior to the statement presently processed, the 

'reference address and terminaj address have beenpro- 

duced or not. In this case, the reference address and 

terminal address are not obtained prior Jo the process- 
ing "of the present statement describing "MOV MEMO- 
\RY4-1, #0FH'\ For this reason, the step S1 7 determines. 

■ that the new symbol is not created. Thus,.the system of 

the present embodiment ends processing of F|G. 2 t i.e., 

processing of;.the'Step:S7. 4 . ■• 

[0045] '-Next, operations of the out-of-symbol-defini- 
- tibn-statement conversion step S8 will be described with 

reference to FIG. 3. Herein; there is provided a conver- 
sion-table .40 which is constructed by three columns, i. 

e ; a column of "reference number", a column of "mem-. 
' ory operation" and a. column of "reference address",. 



and "#0FH" which cqcrespond . to operation of a memory. 
■az. rA memory operation jegist^ registers ex- 

■v^ Jtracte^MQVT ^^^^M eoluWbf "memory 
operation" of the cpnversjon /pj> m ^^£ ( see F,G * 5A )- 
: ,.., t A ref e rence ( . address. f^si^^sj^^22 registers the 
Sw ' . aforementioned reference add^ 1 3H", which is 
produced by the reference .aifire^ analysis step S15 
shown in FIG. 2, with fhecolu™ address" 
of the conversion table' 40 (see FIG. 5B)'. " 
. [0047] .. Niext^ a conversion tabie retneval step S33 per- 
ip forms rejrieyaj, operation on" cdhtenyof the conversion 
table 40r Thea a .'consecutive statement decision step 
S34 makes "a decision as' to whether the presently reg- 
istered qoqtent of the 'conversion table 40 can be con- 
verted to a" single statement or not. In this case, the con- 
version table .40. does not store multiple statements (see 
FIG, 5B). So, the step S34 determines that the present 
content of the. cony eV^ion'.tabje 40 carVhot'be converted 

to a single statement tne P fesent 

embodiment' transfers control td step S37 of single 
statement decision. Incidentally, no symbol exists to re- 
fer to the reference address "00H. 13H", so the single 
statement decision step S37 determines "that single 
statement conversion is. not enabled. Thus, the system 
of the.present embodiment ends" processing of the out- 
of-symbol-definition-statemerit conversion step S8. 
[0048] Next, a' description will be given with respect 
to conversion process for the statement of the assembly 
' langgage.describihg "MOV MEMORY, #05 H" (see FIG. 

9). J ./ ; - /, .. '* " . 

[0049]. The statement analysis step S1 analyzes the 
above statement. The symbol definition decision step 
S2 determines that the .statement does hot correspond 
to a statement of symbol definition. However, the state- 
ment coincides with the reserved word representing an 
instruction for memory access, which is registered in ad- 
. vance, so the memory access decision step S11 deter- 
mines that the statement corresponds to a statement of 
memory access. The statement includes a symbol 
. name of "MEMORY", so the symboi reference decision 
step S1 2 determines thafthe statementcdrresponds to 
.a. statement of symbol reference. Thus, the symbol 
name analysis. step S13 obtdins'a name of a reference 
symbol of "MEMORY"/ " ' 
. [0050] Based on the name of the reference symbol of 
"MEMORY", the symbol search step -SI 4 extracts the 
..definition size "NIBBLE"^ and definition address "00H. 
ji2H" from the symbol table 10 with reipect to the refer- 
ence symbol.. . 

[0Q51] Based on the definition address Extracted from 
the symboYtable 1 0', the reference address analysis step 
S1 5 produces p reference address "00H. 12H*. 
[0052] . Then; the" terminal address'anaiysis step S1 6 
produces a termjrial address "00H. 1 2l^'On the basis of 



20 



25. 



30 



35 



40 



45 



55 



6 



11 



EP 0 933 699 A2 



12 



•1:.'. ; 



the reference address arid definition size: 

. [Q053] . The abbye 1 term^ which' 1 

r is produced with" respect to the presently processed^ 
statement coincides with the previous terminal address -' : 

v ^hLcKhaV been 'R r °^yp?^ with fespect'io' the previous 

Statement' "processed pridYtb the ^res^htly' processed- 

.'statproent, ih.additiohVthV^ coincides V 

with .the reference address. (i.e., "00H. 12H"). So, the 
.symbpTcreatipn decision step S1 7 determines to initiate 

■. creation of a new symbol. ' *' 1 
[0054], The definition size analysis step Si 8 produces 
a definition size for "the hew symbol based on a differ-- 

^/ence between the reference address arid terminal ad- 
dress," Then, the symbbrcreatiph'step S19 registers a' 
name of the new symbol of "ME1viORYL2 u with the sym- 
bol ,table. I0'(see FIG. %p). • . ■ 
[0055] In FIG. 3, the memory operation analysis step 
S3Q. extracts "MOV" and "#05H", which correspond to 
operation of the memory, from tVte statement. The mem- 
ory .operation regtstrattori' step S31 registers extracted 

,. "MCjV" and "#05H" with "the column of "memory opera- 
tion" of \he conversion table 40 (see FIG. 5C). The ref-' 

\erence address. registration step S32 registers the fei- ' 
erence address "00H.' 12HY Which is producecfby the 

...aforementioned reference address analysis step S15, 

.'.with the column of "reference address" of the conversion 
table 40 (see FIG." 5D). , . ' 

[0056]' " Next, the conversion table retrieval step S33 

. performs retrieval operation on the content of the con- 
version table 40. Then, the consecutive statement de- ■ 
cision step S34 makes a decision as to whether the reg- 
istered content of. the conversion table 40 can be con- 
verted to a single statement or not. In this case, the con- 

. version table 40 stores' multiple statements (see FIG": 
5b) which, have not been yet processed. So, the step 
S34 determines that the registered content of the con- 
version table 40 can be converted to a single statement. 

. [0057] ..So," the system of the present embodiment 

■ transfers. control to step S35 of consecutive statement- 
..symbol analysis. .The consecutive statement symbol 
analysis step *S35 recognizes that the symbol 
:'MEMORY_2" created by the symbol creation step S1 9 
.refers to.the reference addresses "00H. 13H" and "00H.* 
12H". Then, a consecutive statement conversion 
processing step S36 converts it to a statement of the C 
language describing "MEMORY_2=0x5F: n . 
.[0058] After completion of the step'S36 shown in FIG. 
3. the system of the present embodiment transfers coh- 

... trol to step S6 shown in FIG. 1. The symbol conversion 

. .step S6 convertsthe content of the symbol table 1 0 (see 
FIG. 4D) to a statement of the C language describing 

. ^static nibble2 MEMORY_2 add/ (6.'6x12fc". 
. [0059] Next/ a description wili be given with respect 
to conversion process for the statement of the assembly 

, language describing "ADD OH, MEMORY" (see FIG. 9). 

.. [005Q] T^e. statement analysis step SI' analyzes the 
above statement. The symbol definition decision step 
S2 determines that the statement of "ADD OH, MEMO- 
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RY" does not corresponds a statement of symbol def- 
'ihaionrThen; ■ the systenrvof the. present;:embodiment 
transfers control to' step. Sir shown in FJG. 2. The state- 
ment Coincides with the reserved .word representing an 
instruction for memory access which is registered in ad- 
vance, so the memory^access. decision step S11 deter- 
' mines that the statementcorresponds to a statement of 
memory access. Herein, the statement contains a ref- 
erence address of v"0H M , so the symbol reference deci- 
sion step S12 determines that the statement does not 
reler to the symbol. So, the system of the present em- 
bodiment transfers control to step S21 . The constant ref- 
erence^ address analysis step $21: produces a reference 
address "O0H. OOHVbased on:the statement. 
[0061] The address symbol creation step S22 creates 
a name of a new. symbol of "MEM_00" based on the ref- 
erence address "OOH.rOOH". In addition, the step S22 
sets a definition size "nibble* and a definition address 
"OOH. 00H". So : the step S22 registers them with the 
symbol table 10 (see FIG. 4E).. - 
[0062] After completion of the step S22 shown in FIG. 
' 2, the'system of the present embodiment transfers con- 
trol to step S30 shown in FIG. 3. The, memory operation 
1 analysis step S30 extracts "ADD"; which corresponds 
'to operation "of the memory, from tr\e statement. Then, 
the memory operation registration , step S31 registers 
extracted "ADD" with the column of "memory operation" 
of "the conversion table 40 (see FIG. 5E). - 
[0063] The reference address registration step S32 
registers with thexolumn of "reference address" of the 
conversion memory 40, the reference address U 00H. 
12H' r produced by the: ref erence address analysis step 
S1 5 and the reference address "00H. 00H" produced by 
the constant reference address analysis step S21 (see 
FIG". 5F). - 

[0064] The conversion table retrieval step S33 per- 
■ form's retrieval operation' on the content of the conver- 
sion table 40. Then, the consecutive- statement decision 
step S34 makes a decision as to whether the registered 
content of the conversion table 40 can be converted to 
a single statement or not. At this time, the conversion 
table 40 does not store multiple statements which have 
not been yet processed. So,, the step S34 determines 
that the content of the conversion table 40 cannot be 
converted to a single statement. 
[0065] ' Thus, the system transfers control to step S37. 
In this case, analysis result of the aforementioned state- 
men ^analysis step S1. coincides with the predetermined 
definition, so the single statement decision step S37 de- 
termines that single statement conversion-is enabled. 
[0066] Thus, the system proceeds to a single state- 
ment symbol analysis step S38. The stepc338 recogniz- 
es thaMhe address symbol creation step*S22 creates 
the symbol "MEM^OG" referring . to the reference ad- 
dress "00H. 12H" while the symbol search step SUex- 
: ' tracts irom that symbol table 10 the symbol "MEMORY" 
referring to the reference address: "0OH.-12H". Then, a 
single statement conversion processing step S39 con- 
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verts it to a statement of the C language describing forms without departing from the spirit of essential char- 
"MEM_00+ = MEMORY". .or. ?oob ■ ■ acteristics thereof, tjie present embodiment is therefore 

[0067] Next, the symbol conversion ( s.tep ; S6 converts,. — . illustrative, and apt restrictive^^ scope of the in- 

the content of the symbol table Itttoa- statement oMhe vention is defined by v the appended claims rather than 
C language describing ^taticnibbte.MiEMaOO addr (0.,* .5 . L * .by fte description preceding themVand all changes that 
0x0)". ,; • --.v-r-. -c- k^'ww u p- v ; - i fatl within metes and bounds of trie claims, or equiva- 
[0068] As described heretofore, the statements of the-^J, 1 fence pf, such metes and bpurids a^e therefor e intended 
assembly language shown in FIG/9 are^completely con:' to beBm^raced.by the cl^kps.V 
verted to the statements of the C language: *?rti-. 0 v : ... :tri: 
[0069]' Incidentally, it is possible to store programs of^^/o . 
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the source converter processing method show, in FIG,,,; 
1 : FIG. 2 and FIG. 3 on computer-readable (or machine- 
readable) recording media such .as floppy disks, hard 
disks, optical'disks and magneto-optic disks. Thus, the . 
computer is capable o£Joading;t)ne programs recorded, 
on the recording media to perform conversion of the. 
source program irr- accordance with. the source convert- 
er processing, method of this, invention: * f ^ 
[0070] Lastty,:effects oUh ejnventi.cn will be described-, 
as follows: . * 

(1) This invention; is capable of converting state.-... 
* ments of symboWefinition designating absolute ad- . 

dresses: written inrthe assembly language, to state- 
ments of the C language,: so it is unnecessary to 
perform corrections on source .programs written in . 
the C language after conversion. Therefore, it is , 
possible to reduce a number of steps for corrections _ . 
and debugging of programs,. hence, this invention 
. offers an effect that reliability of the source pro- 
grams-is improved. - 

(2) This invention is designed to secure consecutive _ 
memory areas when, performing conversion on 
statements of memory access designating relative 
addresses of symbols written in the assembly Ian-, 
guage. Therefore, the statements of the assembly 
language can beconvertedto statements of the C 
language in such a way that consecutive areas lie 
between the relative addresses and the addresses 
that are used as the basis for designation of the rel- 

- ative addresses. Thus, this.invention offers an effect 
" that programs corresponding to compilation results „ 
of the source programs-after conversion can be op- 
erated in a normal manner. 

(3) This invention is capable of dealing with state- 
ments of the assembly language that designate ad- 
dresses using constants without designating sym- . 

' bols.. That is, this invention is capable of converting 
the above statements of the assembly language to 
statements of the C language. Therefore, it is.un-. 
. necessary to perf orm corrections on the source pro- 
grams written in thei.C language after conversion. • 
Thus, it is possible- Jo reduce a number of steps, for. 
the corrections and debugging of the programs. So, 
> = this invention offers an effect that reliability of- the 
• . : .source programs after conversion is improved. 

[0071] ' . As this invention may be embodied in several; 
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A source converter processing method comprising 
the steps of: 

. analyzing a first statement written in a first lan- 
guage input thereto so as to provide analysts 
result: 

... detecting a name of a definition symbol based 
on the analysis result, so that the name of the 
definition symbol is registered with a symbol ta» 

: - - 

f detecting a size of the definition symbol based 
on the analysis result; so (hat the size of the 
definition symbol is registered with the symbol 
table; 

producing. ah absolute address of the definition 
symbol based on the analysis result, so that the 
absolute address is registered with the symbol 

• . table: and 

.converting the first statement to a second state- 
ment written in a second language, which dif- 
fers from the first language, in accordance with 

. " registered content of the symbol table and a 
predetermined conversion method. 

A source converter processing method according 
to claim 1 further comprising the steps of: 

detecting a symbol name based on the analysis 
result; 

performing retrieval operation on the symbol ta- 
ble on the basis of the "symbol name so as to 
detect a definition size arid a definition address 
of a symbol corresponding to the symbol name: 
producing a reference address based on the 
analysts result' and the' definition address: 
producing a terminal address based on the def- 
inition size and the definition address: 
, , performing comparison between the reference 
address and the terminal address, so that a de- 
cision is made based on comparison result as 
to whether a new symbol is created or not: 
producing a definitidh'size of the new symbol 
based on a difference between the reference 
address and the terminal address: 
creating the new symbol on the basis of the 
symbol name, the definition size and the termi- 
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.headdress:' \ , . .. _ 
, c .obtaining an . instruction fdr rWembry operattori ' 
, . , '.based, on! the analysis result: ' f ^ ^ \ . " 
, . registering the instruction for the memory oper-' • ' 5. 
ation with "a, coin vers iori table:' . : 5 

registerihcj' the 1 reference address with the con- 
version table: ' * >. "^ 't * ' * ^ 
performing retrieval, operation on the conver- 
. " sion table so as to. obtain a plurality of instruc- 
tions for memory operations arid k pluralit/br 
reference addresses: and 
If the plurality of instructions for memory oper- 
ations and the plurality' of reference addresses - 
can, be converted to a single statement, con- 
verting the firsi statement/to the second state- 
:: v.- .-r >• . . - ■ ••■■■.*....: 
ment. 

A source converter processing method according 

~!aim 1 n '"2 ^rther comprising the s'eos of: 

producing a constant reference address based 
"J on the analyses result, so that the constant ref- ' 
. erence addresVis registered with the symbol : 
table: " ' ,' " 

obtaining a size and a name of the new symbol 25 
on the basis of* the reference address, so that 
the size and the name of; the new symbol are - 
registered with the symbol, table: 
converting registered content of the symbolta- 
ble to the second statement written in the sec- 30 
ond language in accordance with a predeter- ' 
mined conversion method: and 
replacing' the constant reference symbol with 
the name of the new symbol so as to convert 
. . . the first statement to the second statement. : '35-' 

' A machine-readable media storing programs and 
cata to cause. a, computer to perform a source con- 
verter processing method comprising the steps of: 

\ 40 ■ :• 

-~ analyzing a. first statement written in a first Ian- '■ 
guageJn put "thereto so as to provide analysis 
result: _ ". ( ' , ^ ". 
detecting, 3 name 'of a definition symbol based" 
on the analysis result, so that the name of the ^5 -6.' 
definition symbol is registered with a symbol ta : 

detecting a size of the" definition symbol based 
_ on the' analysis, result, so that the size of the : 

definition symbofis" "registered with the symbol -ro - 
table:.' / " . ,' . .^ 
producing an absolute 'address of the definition 
symbol based on the analysis result, so.that the' 
absolute adcjress is registered with the symbol 
table: and . ' ' 55 
.convertingthefirst* statement to a second state- 
ment written In a second language, which'dif- - 
fers from the first language, in accordance with 



registered content. of. the symbol table and a * 
i * predetermined conversion method. ^ 

• A machine-readable media storing- programs and 
data to cause a computer to perform a source con- 
verter processing method according torqlaim 4 fur- 
' ther comprising the steps of: - ^r. f \^ \ 

' ' detecting a symbol name based orvth e analysis 
result: ■ - i 

performing retrieval operation or. the symbol ta- 
« i ble on the basis, of the symbol name so as to 
'• detect adefinition.size and a definition address 
of a symbotcdr responding to the symbol name: 
producing, a: reference address based on the 
analysis result and the. definition address: 
producing a terminal address based on the def- 
inition size and the definition address: 
performing comparison between ; the reference 
address and the terminal address, so that a de- 
cision is made based- on comparison result as 
' to whether a new symbdJ is created or not; 
producing a definition size .of the new symbol 
based on a difference between the reference 
- address and the terminal address: 

creating the new symbol on the basis of the 
; symbol name, the definition size and the termi- 
nal address; 
' obtaining an instruction for memory operation 
based on the analysis result: . 
registering the instruction for the memory oper- 
ation with a conversion table: • 
registering the reference address with the con- 
version table; 

performing retrieval. operation on the conver- 
sion table so as to obtain a plurality of instruc- 
■ tions for memory operations and a plurality of 
reference addresses: and ■ 
if the plurality of instructions fc memory oper- 
ations and the plurality of reference addresses 
can be converted to a single statement, con- 
verting the' first statement to- the second state- 
ment. - ■ 

* A machineveadable media storing programs and 
data to cause a computer to perform a source con- 
verter processing method according to claim 4 or 5 
further comprising the steps of: 

producing a constant. reference address based 
on the- analysis result, so that the constant ref- 
erence address is registered' with the symbol 
tabled ' - ' 

obtaining a size and a name of the new symbol 
1 on the basis of the reference. address, so that 
the size and the name of the new symbol are 
registered with the symbol table: ^ 
converting registered content of the symbol ta- 
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ble to the second statement written in the sec- 
ond language in accordance with a predeter- 
mined conversion- method; and fr 
replacing the constant reference 'symSoJ^ith 
the name of the new symbol so 'as toronvert s 12. , A 
the first statement to the second statement. to 



15 



7. A source. converter processing;method comprising 
'the steps of: * f , ' ■ 

analyzing a first statement which is input there" * 
to and is written in a first language; 
detecting a symbol definition on the basis of 
analysis result of the first statement: 
registering information regarding the symbol 
definition with a symbol table: and 
converting registered content of the symbol ta- 
ble to a second statement written in a second 



8. A source converter processing method according 
to claim 1. wherein the information contains a name, 
a definition size and a definition address with regard 
to the symbol definition. 

9. A source converter processing method according 
to claim 7. wherein the first language corresponds 
to an assembly language while the second lan- 
guage corresponds to a C language. 

10. A source converter processing method according 
to claim 7 further comprising the steps of: 

detecting a name of a reference symbol con- 
tained in the first statement that regards mem- 
ory operation: 

reading a definition size and a definition ad- 
dress based on the name of the reference sym- 
bol with reference to the symbol table: 
producing a reference address Based bri the 
definition address: and _ ■ 
' producing a terminal address based on the def- 
inition address arid the definition size which are 
extracted from the symbol table with regard to 
the reference symbol: and- - 
creating' a new symbol whose definition size 
corresponds to *a difference between the refer- 
ence address and the terminal address : where- 
in information regarding the new symbol is reg- 
istered with. the symbol table. 

11. A source converter processing method according 
to claim 7 further comprising the step of: 



producing a reference address based on the 55 
first statement that regards memory operation; 
and 

producing a new symbol based on the refer- 
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ence address, wherein information regarding 
the new symbol is registered with the symbol 
table. . ■ j " ' ■ « 

source^ converter 3 process! in g method according 
claim" 1 0 or lT'fUrther"c6mprising the steps of: 

extracting fromthe first statement, information 
regarding the mem \6ty operation, which is reg- 

* istered with a conversion" table: 

"registering the reference address with the con- 
version table: . . 

referring to the conversion table to determine 
wheth.er to^enable consecutive statement con- 
version: and 

performing the 'consecutive statement conver- 
sion, so "that the first statement is converted to 
the second statement written in the second lan- 
guage. 

source converter processing method according 
claim 1 0 or 11 further comprising the steps of: 

extracting from the first statement , information 
- regarding the-memory operation, which is reg- 
istered with- a conversion table: 
registering the reference address with the con- 
version table; 

referring to the conversion table to determine 
whethervto enable single statement conversion: 
and , . 

performing the single statement conversion, so 
that the first statement is converted to the sec- 
ond statement written in the second language. 
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static nibble2 MEM0RY_2 , addert 0.0x12 ): 
static nibble MEM_00 adder C 0. 0x12 ) ; 

MEM0RY_2 = 0x5F; 

MEM 00 += MEMORY; 
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static nibble MEMORY_P ; 

MEMORY_P = &MEMORY; 
*(MEM0RY_P+1) = OxF; 
*MEMORY_P = 0x5; 
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